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PHYSICAL QUANTITIES AND SYMBOLS FOR PHYSICAL QUANTITIES

Physical quantities
A physical quantity is the product of a numerical value (a pure number) and a unit.
Basic physical quantities
Seven physical quantities are generally regarded as independent basic physical quantities. These seven and the symbols used to denote them are as follows: One of these independent basic quantities is of special importance to chemists but until recently no name had been given to it, although units such as the mole have been used for it. The name "amount of substance" is now reserved for this quantity.
The definition of amount of substance, as of all other physical quantities (see Section 5), has nothing to do with any choice of unit, andin particular has nothing to do with the particular unit of atnount of substance called the male (see Section 3.6). It is now as inconsistent to call n the "number of moles" as it is to call m the "number of kilogrammes" or l the "number of metres", since n, m, and l are symbols for quantities not for nun1bers. The amount of a substance is proportional to the number of specijied elementary units ofthat substance. The proportionality factor is the same for all substances; its reciprocal is the Avogadro constant. The specified elementary unit may be an atom, a molecule, an ion, a radical, an electron, etc., or any speci.fied group of such particles.
Derived physical quantities
All other physical quantities are regarded as being derived from, and as having dimensions derived from, the seven independent basic physical 7 PHYSICAL QUANTITIES quantities by definitions involving only multiplication, division, differentiation, and/or integration. Examples of derived physical quantities are given, often with brief definitions, in Section 2.
1.4 Use of the words "specific" and "molar" in the names of physical quantities The word "specific" before the name of an extensive physical quantity is restrictcd to the meaning "divided by mass". For example specific volume is the volume divided by the mass. When the extensive quantity is represented by a capital Ietter, the corresponding specific quantity may be represented by the corresponding lower case Ietter.
Examples: volume: V specific volume: v = Vfm heat capacity at constant pressure: Cp specific heat capacity at constant pressure: Cp = Cp/m
The word "molar" before the name of an extensive quantity is restricted to the meaning "divided by amount of substance". For example molar volume is the volume divided by the amount of substance. The subscript m attached to the symbol for the extensive quantity denotes the corresponding molar quantity.
Examples: vol ume : V Gibbs energy: G molar volume: Vm = V/n molar Gibbs energy:
The subscript m may be omitted when there is no risk of ambiguity. Lower case letters may be used to denote Inolar quantities when there is no risk of misin terpreta tion.
The symbol XB, where X denotes an extensive quantity and B is the chemical symbol for a substance, denotes the partial molar quantity of the substance B defined by the relation:
For a pure substance B the partial molar quantity XB and the molar quantity Xm are identical. The partial molar quantity XB of pure substance B, which is identical with the molar quantity Xm of pure substance B, may be denoted by x:, where the superscript * denotes "pure", so as to distinguish it from the partial molar quantity XB of substance Bin a mixture.
Printing of symbols for physical quantities
The symbols for physical quantities should be single letters< 1 > of the Latin or Greek alphabets which, when necessary, may be modified by subscripts
(1) An exception to this rule has been made for certain numbers used in the study of transport processes (see Section 2.9), for which the internationally agreed symbols consist of two letters. When such a symbol appears as a factor in a product, it is recommended that it be separated from the other symbols by a space, by a multiplication sign, or by parenthcses. Example: Reynolds number: Re 8 MANUAL OF SYMBOLSAND TERMINOLOGY and superscripts of specified meaning. The symbols for physical quantities should always be printed in italic (sloping) type.
The symbols for vector quantities should be printed in bold-faced italic type.
Printing of subscripts and superscripts
Subscripts or superscripts which are themselves symbols for physical quantities or numbers should be printed in italic (sloping) type and all others in roman (upright) type.
Example: Cp for heat capacity at constant _pressure, but CB for heat capacity of substance B
7 Products and quotients of physical quantities
A product of two quantities a and b may be represented in any of the ways:
and their quotient in any of the ways:
or afh or ab-1 or in any of the other ways ofwriting the product of a and b-1. These rules may be extended to more complex groupings but more than one solidus (/) should never be used in the 5ame expression unless parentheses are used to eliminate ambiguity.
Example: (afb)fc or af(bfc) but never afbfc
RECOMMENDED NAMES AND SYMBOLS FOR QUANTITIES IN CHEMISTRY AND PHYSICS
The following Iist contains the recommended symbols for the most important quantities likely to be used by chemists. Whenever possible the symbol used for a physical quantity should be that recommended. In a few cases where conflicts were foreseenalternative recommendations have been made. Bold-faced italic (sloping) as well as ordinary italic (sloping) type can also sometimes be used to resolve conflicts. Further flexibility can be obtained by the use of capital letters as variants for lower-case letters, and vice versa, when no ambiguity is thereby introduced.
For example, d and D may be used instead of di and de for internal and external diameter in a context in which no quantity appears, such as diffusion coefficient, for which the recommended symbol is D. Again, the recommended symbol for power is P and for pressure is p or P, but P and p ma y be used for two powers or for two pressures ; if power and pressure appear together, however, P should be used only for power and p only for pressure, and necessary distinctions between different powers or between different pressures should be made by the use of subscripts or other modifying signs.
vVhen the above recommendations are insufficient to resolve a confl.ict or where a need arises for other reasons, an author is of course free to choose an ad hoc symbol. Any ad hoc symbol should be particularly carefully defined.
In the following list, where two or more symbols are indicated for a given quantity and are separated only by commas (without parentheses), they are on an equal footing; symbols within parentheses are reserve symbols.
Any description given after the name of a physical quantity is merely for identification and is not intended to be a complete definition.
Vector notation (bold-faced italic or sloping type) is used where appropriate in Section 2.6; it may be used when convenient also for appropriate quantities in other Sections. The concept of relative atomic mass may be extended to other specified nuclidic compositions, but the natural nuclidic composition is assumed unless some other composition is specified.
Space
(2) The ratio of the average mass per formula unit of the natural nuclidic composition of a substancc to 1/12 of the mass of an atom of nuclide 12 C.
Example: Mr(KCl) = 74.555
The concept of relative molecular mass may be extended to other specified nuclidic compositions, but the natural nuclidic composition is assumed unless some other composition is specified.
(3) See Section 1.2.
(4) A solution having a molality equal to 0.1 mol kg-1 is sometimes cal1ed a 0.1 molal solution or a 0.1 m solution. If a symbol is needed for mol kg-1 then some symbol other than m, which is the SI unit-symbol for the metre, should be chosen.
(5) Goncentration is sometimes cal1ed "molarity" but this name is both unnecessary and 1iable to cause confusion with molality and is therefore not recommended. A solution with a concentration of0.1 mo1 dm-3 is often called a 0.1 molar solution or a 0.1 M solution. Ii (l) The word molar, contrary to the general rule given in Section 1.4, here means "divided by concentration".
(B) The formula unit whose concentration is c must be specified. (1) The same symbol is often used also for the corresponding luminous quantity. Subscripts e for energetic and v for visible may be added whenever confusion between these quantities might otherwise occur.
(2) These names and symbols are in agreement with those adopted jointly by the International Commission of Illumination (CIE) and the International Electrotechnical Garnmission (IEC). The terms extinction (for 2.8.13), extinction coefficient (for 2.8.14), and molar extinction coefficient (for 2.8.15) are unsuitable because extinction is now reserved for diffusion of radiation rather than absorption. The terms absorptivity (for 2.8.14) and molar absorptivity (for 2.8.15) should be avoided because the meaning absorptance per unit length has been accepted internationally for the term absorptivity.
(3) See Footnote (I) to Section 2.7. < 4 > References to the symbols used in defining the quantities 2.9.02 to 2. 
Symbols for particular cases of physical quantities
It is much more difficult to make detailed recommendations on symbols for physical quantities in particular cases than in general cases. The reason is the incompatibility between the need for specifying numerous details and the need for keeping the printing reasonably simple. Among the most awkward things to print are superscripts to subscripts and subscripts to subscripts. Examples of symbols to be avoided are:
The problern is vastly reduced if it is recognized that two different kinds of notation are required for two different purposes. In the formulation of generalfundamental relations the most important requirement is a notation which is easy to understand and easy to remember. In applications to particular cases, in quoting numerical values, and in tabulation, the most important requirement is complete elimination of any possible ambiguity even at the cost of an elaborate notation.
The advantage of a dual notation is already to some extent accepted in the case of concentration. The recommended notation for the formulation ofthe equilibrium constant Kc for the general reaction: = Kc Kc(25 °0) = 6 X 10-9 mol2 dm-6
Once the principle of dual notation is accepted, its adaptability and usefulness become manifest in all fields of physical chemistry. It will here be illustrated by just a few examples.
The general relation between the molar conductivity of an electrolyte and the molar conductivities of the two ions is written most simply and most clearly as:
A =A++A-but when it comes to giving values in particular cases a much more appropriate notation is: The general relation between the partial molar volumes of the two components A and B of a binary mixture is written most simply:
But when it comes to specif)ring values, a completely different notation is called for, such as: V(K2S04, 0.1 mol dm-3 in H20, 25 °0) = 48 cm3 mol-1 Each kind of notation is appropriate to its purpose.
A last example will be given relating to optical rotation. The relations between the angle a. of rotation of the plane of polarization and the amount n, or the number N of molecules, of the optically active substance in the path of a light beam of cross-section A can be clearly expressed in the form: a. = na.n/A = NaN/A where an is the molar optical rotatory power and a.N the molecular optical rotatory power. When on the other band it is desired to record an experimental measurement, an appropriate notation would be: a.(589.3 nm, 20 °0, sucrose, 10 g dm-3 in H20, 10 cm) = +66.470°
Recommended superscripts
The following superscripts are recommended. The symbo] for a unit should be printed in roman (upright) type, should remain unaltered in the plural, and should not be followed by a full stop except when it occurs at the end of a sentence in text. Example: 5 cm but not 5 cms and not 5 cm. and not 5 cms. The symbol for a unit derived from a proper name should begin with a capital roman (upright) letter.
Examples: J for joule and Hz for hertz Any other symbol for a unit should be printed in lower case roman (upright' type.
Printing of prefixes
Symbols for prefixes for units should be printed in roman (upright) type with no space between the prefix and the unit. Compound prefixes shou1d be avoided. (See Section 3.11.)
Example: ns but not mfLS for I0-9 s 3.3 Combination of prefixes and symbols A combination of prefix and symbol for a unit is regarded as a single symbol which may be raised to a power without the use of brackets. These rules may be extended to more complex groupings but more than one solidus (/) should never be used in the same expression unless parentheses are used to eliminate ambiguity.
Example: J K-1 mol-1 or J/(K mol) but never J/K/mol 3.5 The International System of Units
The name International System of U nits has been adopted by the Conference Generale des Poids et Mesures for the system of units based on a selected set of independent SI Base Units.
The SI Base Units are the metre, kilogramme, second, ampere, kelvin, candela, and mole. (1 • 2) In the International System of U nits there is one UNITS and only one SI Unit for each physical quantity. This is either the appropriate SI Base Unit itself (see Section 3.7) or the appropriate SI Derived Unit formed by multiplication andjor division of two or more SI Base Units (see Section 3.10). A few such SI Derived Units have been given special names and symbols (see Section 3.9). There are also two SI Supplementary Units for which it is not decided whether they are SI Base Units or SI Derived Units (see Section 3.8).
Any of the approved decimal prefixes, called SI Prefixes, may be used to construct decimal multiples or submultiples of SI Units (see Section 3.11).
It is recommended that only units composed of SI Units and SI Prefixes be used in science and technology.
Definitions of the SI Base Units
metre: The metre is the length equal to 165() 763.73 wavelengths in vacuum of the radiation corresponding to the transition between the Ievels 2p10 and Sd5 of the krypton-86 atom. kilogramme: The kilogramme is the unit of mass; it is equal to the mass of the international prototype of the kilogramme. second: The second is the duration of 9 192 631 770 periods of the radiation corresponding to the transition between the two hyperfine Ievels of the ground state of the caesium-133 atom. ampere: The ampere is that constant current which, if maintained in two straight parallel conductors of infinite length, of negligible cross-section, and placed 1 metre apart in vacuum, would produce between these conductors a force equal to 2 X 10-7 newton per metre of length. kelvin: The kelvin, unit of thermodynamic temperature, is the fraction 1/273.16 of the thermodynamic temperature of the triple point of water. (1) candela: The candela is the luminous intensity, in the perpendicular direction, of a surface of 1/600 000 square metre of a black body at the temperature of freezing platinum under a pressure of 101 325 newtons per square metre. mole: The mole is the amount of substance of a system which contains as many elementary entities as there are carbon atoms in 0.012 kilogramme of carbon-12.
Note: The elementary entities must be specified and may be atoms, molecules, ions, electrons, other particles, or _ specified groups of such particles. (2 The names and symbols of decimal multiples and sub-multiples of the unit of mass, which already contains a prefix, are constructed by adding the appropriate prefix to the word gramme and symbol g: 
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MANUAL OF SYMBOLS AND TERMINOLOGY 3.13 Decimal fractions and multiples of SI Units having special names These units do not belong to the International System of U nits. Their use is to be progressively discouraged. The time-scale implied by the word "progressively" need not, however, be the same for all these units, nor for any unit need it be the same in all fields of science. In the meantime it is recommended that any author who uses any of these units will define them in terms of SI Units once in each publication in which he uses them. The following Iist is not exhaustive. 3.14 Some other units now exactly defined in terms of the SI Units
These units do not belong to the International System of Units and their use is to be progressively discouraged and eventually abandoned. In the meantime it is recommended that any author who uses any of these units will define them in terms of SI U nits once in each publication in which he uses them. Each of the definitions given in the fourth column is exact. 
Electrical and magnetic units belonging to unit-system.s other than the International System. of Units
Definitions ofunits used in the obsolescent "electrostatic CGS" and "electromagnetic CGS" unit-systems can be found in References 13.1.05 and 13.2.
(1) The conventional millimetre of mercury, symbol mmHg (not mm Hg), is the pressure exerted by a column exactly 1 mm high of a fluid of density exactly 13.5951 g cm-3 in a place whcre the gravitational acceleration is exactly 980.665 cm s-2. The mmHg differs from the Torr by less than 2 X I0-7 Torr.
NUMBERS
Printing of numbers
Numbers should be printed in upright type. The decimal sign between digits in a number should be a comma (,) or (but only in English-language texts) a point(.). To facilitate the reading oflong numbers the digits may be grouped in threes but no comma or point should ever be used except for the decimal sign.
Example: 2 573,421 736 or in English language texts 2 573.421 736 but never 2,573.421, 736
When the decimal sign is placed before the first digit of a number a zero should always be placed before the decimal sign.
Example: 0,2573 X 104 or in English language texts 0.2573 X 10 4 but not ,2573 X 104 and not .2573 X 10 4
It is often convenient to print numbers withjust one digit before the decimal sign.
Example: 2,573 X 103 or in English-language text 2.573 X 103
Multiplication and division of numbers
The multiplication sign between numbers should be a cross (X) or (but never when a point is used as the decimal sign) a centred dot (·). These rules may be extended to more complex groupings, but more than one solidus (/) should never be used in the same expression unless parentheses are used to eliminate ambiguity.
Example: (136/273)/2.303 or 136/(273 X 2.303) but never 136/273/2.303
PHYSICAL QUANTITIES, UNITS, AND NUMERICAL VALDES
As stated in Section 1.1 the value of a physical quantity is equal to the product of a numerical value and a unit: physical quantity = numerical value X unit.
Neither any physical quantity, nor the symbol used to denote it, should imply a particular choice of unit.
Operations on equations involving physical quantities, units, and numerical values, should follow the ordinary rules of algebra.
Thus the physical quantity called the critical pressure and denoted by Pc has the val ue for wa ter: Pc = 221.2 bar or better Pc = 22.12 MPa.
These equations may equally well be written in the forms:
Pe/bar = 221.2 or better Pc/MPa = 22.12, which are especially useful for the headings in tables and as Iabels on the axes of gra phs. n'th root of a altn a~ -\Ya -\Yä mean value of a (a) a natural logari thm of a ln a logea decadic logarithm of a lg a log 10 a log a binary logarithm of a lb a log 2 a exponential of a exp a ea Cl> Taken from Reference 13.1.11 where a more comprehensive Iist can be found.
RECOMMENDED MATHEMATICAL SYMBOLS<
SYMBOLS FOR CHEMICAL ELEMENTS, NUCLIDES, AND PARTICLES
7.1 Definitions A nuclide is a species of atoms of which each atom has identical atomic number (proton number) and identical mass number (nucleon number). Different nuclides having the same value of the atomic number are named isotopes or isotopic nuclides. Different nuclides having the same mass number are named isobars or isobaric nuclides.
Elementsand nuclides
Symbols for chemical elements should be written in roman (upright) type. The symbol is not followed by a full stop except when it occurs at the end of a sentence in text. triton The electric charge of particles may be indicated by adding the superscript +, -, or 0; e.g., p+, nO, e+, e-. If the symbols p and e are used without charge, they refer to the positive proton and negative electron respectively.
Abbreviated notation for nuclear reactions
The meaning of the symbolic expression indicating a nuclear reaction should be the following:
initial (incoming particle(s) outgoing particle(s)) final nuclide or quanta ' or quanta nuclide Examples: 14N(a,p )17Q 59Co(n,y)60Co 23N a ( y,3n) 20N a 31 P ( y,pn) 29Si
(1) Foramore detailed discussion see Reference 13.4. 
SYMBOLS FOR SPECTROSCOPY<
Atomic spectroscopy
The Ietter-symbols indicating quantum states are: A, a; B, b; E, e; etc.
Remarks: A left-hand superscript indicates the spin multiplicity. For molecules having a symmetry centre the parity symbolgor u, indicating respectively symmetric or antisymmetric behaviour on inversion, is attached as a right-hand subscript. A + or -sign attached as a right-hand superscript indica tes the symmetry as regards refl.ection in any plane through the symmetry axis of the molecules. 
Example: h v = E' -E"
A spectroscopic transition should be indicated by writing the upper state first and the lmver state second, connected by a dash in between.
Examples: 2 P112-2 8112
for an electronic transition for a rotational transition for a vibra tional transi tion Absorptiontransition and emission transition may be indicated by arrows ~ and ~ respectively.
Examples:
emission from 2 P112 to 2 81;2 absorption from (
The difference ß between two quantum numbers should be that ofthe upper state minus that of the lower state.
The indications of the branches of the rotation band should be as follows: The cell should be represented by a diagram, for example:
The electric potential difference ß V is equal in sign and magnitude to the electric potential of a metallic conducting lead on the right minus that of an identical lead on the left. When the reaction of the cell is written as:
!Zn + tCu2+--+ iZn2+ + !Cu this implies a diagram so drawn that this reaction takes place when positive electricity flows through the cell from left to right. If this is the direction of the current when the cell is short-circuited, as it will be in the present example (unless the ratio [Cu2+]j[Zn2+] is extremely small), the electric potential difference will be positive.
If, however, the reaction is written as:
}Cu + fZn2+---+ !Cu2+ + !Zn this implies the diagram Cu I Cu2+ I Zn2+ I Zn and the electric potential difference of the cell so specified will be negative (unless the ratio [Cu2+]j[Zn2+] is extremely small). The limiting value of the electric potential difference for zero current through the cell is called the electromotive force and denoted by E.
Electrode potential
The so-called electrode potential of an electrode (half-cell) is defined as the electromotive force of a cell in which the electrode on the left is a standard hydrogen electrode and that on the right is the electrode in question. For example, for the zinc electrode (written as Zn2+ I Zn) the cell in question is:
Pt, H2 I H + I Zn 2 + I Zn
The reaction taking place at the zinc electrode is:
Zn2+ + 2e---+ Zn < 1 > The conventions given here are in accordance with the "Stockholm Convention" of 1953.
ELECTRODE POTENTIALS
The latter is to be regarded as an abbreviation for the reaction In the mentioned cell:
In the standard state the electromotive force of this cell has a negative sign and a value of -0.763 V. The standard electrode potential of the zinc electrode is therefore -0.763 V. The symbol Zn I Zn 2 + on the other hand implies the cell: Zn I Zn 2 + I H+ I H2, Pt in which the reaction is:
The electromotive force ofthis cell should not be called an electrode potential. where R denotes the gas constant, T the thermodynamic temperature, and F the Faraday constant. Thus defined the quantity pH is a number.
THE QUANTITY pH
To a good approximation, the hydrogen electrodes in both cells may be replaced by other hydrogen-ion-responsive electrodes, e.g. glass or quinhydrone. The two bridge solutions may be of any molality not less than 3.5 mol kg-1, provided they are the same (see Reference 13.5).
Standards
The difference between the pH of two solutions having been defined as above, the definition of pH can be completed by assigning a value of pH at each temperature to one or more chosen solutions designated as standards. A series of pH(S) values for five suitable standard reference solutions is given in Section 10.3.
If the definition of pH given above is adhered to strictly, then the pH of a solution may be slightly dependent on which standard solution is used. These unavoidable deviations are caused not only by imperfections in the response of the hydrogen-ion electrodes but also by variations in the liquid junctions resulting from the different ionic compositions and mobilities of the several standards and from differences in the geometry of the liquidliquid boundary. In fact such variations in measured pH are usually too small to be of practical signi:ficance. Moreover, the acceptance of several standards allows the use of the following alternative definition of pH. THE QUANTITY pH by assuming linearity between pH and E, that is to say
This procedure is especially recommended when the hydrogen-ion-responsive electrode is a glass electrode. where nB is the amount, and vn is the stoichiometric number, of the substance B.
Values of pH(S) for
I t is recommended that the rate of reaction be defined as the rate of increase of the extent of reaction, namely .
1
This definition is independent of the choice of B and is valid regardless of the conditions under which a reaction is carried out, e.g. it is valid for a reaction in which the volume varies with time, or for a reaction involving two or more phases, or for a reaction carried out in a flow reactor. If both sides of this equation are divided by any specified volume V, not necessarily independent of time, and not necessarily that of a single phase in which the reaction is taking place, then increase of the concentration of B, but none of these three quantities should be called the rate of reaction. 
Order of reaction
Collision nurn.ber
The collision number defined as the number of collisions per unit time and per unit volume and having dimensions (time) -1 X (volume) -1 should be denoted by Z.
The collision number divided by the product of two relevant concentrations (or by the square of the relevant concentration) and by the Avogadro constant is a second-order rate constant having dimensions (time) -1 X (volume) X (amount of substance) -1 and should be denoted by z. Thus z = ZJLcACB.
VALDES OF THE FUNDAMENTAL CONSTANTS
At the XXIIIrd Conference of IUPAC the Council recommended the use by chemists of a consistent set of fundamental constants which has been published (see Reference 13.6). For the details concerning the development of this set of constants and their assigned uncertainties the reader is referred to the original paper and references therein. For convenience the recommended values are given here for the most important constants. In each case the estimated unccrtainty is three times the standard deviation. ±0.000 018 x 10-12 J-1 C2 m-1 (l) The "ice-point" temperature Tice is the tcmperature of equilibrium of solid and liquid water saturated with air at a pressure of one atmosphere. The quantity RT 1 ce is identical to the quantity lim (PVm) for a gas at that temperature.
